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k-space
SiMultaneous Acquisition of Spatial Harmonics

Image space
SENSitivity Encoding

Calibration data

Reduced scan time data

SENSE reconstruction

SENSESENSESENSE

• Advantages
– Faster acquisitions
– Improved coverage
– Reduced power deposition
– Reduced artefacts

• Disadvantages
– Reduced SNR
– Calibration needed
– Reconstruction artefacts

Controlling Motion ArtefactsControlling Motion ArtefactsControlling Motion Artefacts
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Spin Echo

Multi-shot RARE

Single Shot RARE

T2w SequencesT2w SequencesT2w Sequences

+++Sub secondMixed – and  limited 
for tumours

True-FISP, bFFE
FIESTA

T2/T1w 
GE

+++++Sub secondT2++Single shot
EPI

++++Breath-holdT2++Multi-shot
EPI

0+Sub secondT2+ 
(long T2 values +++)

HASTE, SSFSESingle shot 
RARE

0+MinutesT2++ 
(long T2 values +++)

FSE, TSEMulti-shot 
RARE

++++MinutesT2+++T2w SE

Suscept.ArtefactTimeTumour ContrastBrand NamesGeneric
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Image Blurring in RAREImage Blurring in RAREImage Blurring in RARE

T2
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ΔSI
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Image Blurring in RAREImage Blurring in RAREImage Blurring in RARE

SE RARE

T2w Spin EchoT2w Spin EchoT2w Spin Echo

• CSE
– Slower (TR*NPE)
– Respiratory motion
– Best contrast

• RARE
– Faster (TR*NPE/ETL)
– Respiratory 

triggering/breath-
holding

– Reduced susceptibility 
artefacts 

– Echo train blurring
– Reduced contrast
– Bright fat

True-FISPTrueTrue--FISPFISP

• Advantages
– Time efficient
– Independent of TR
– Good flow characteristics
– T2/T1 contrast
– Sub-second imaging

• Disadvantages
– Susceptibility artefacts
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α° α°

TR = 3ms
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Interactive True-FISPInteractive TrueInteractive True--FISPFISP
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Susceptibility ArtefactsSusceptibility ArtefactsSusceptibility Artefacts

True-FISP RARE

Hydrographic ImagingHydrographicHydrographic ImagingImaging
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Signal from most tissue 
decays to zero rapidly

Signal from water (and BILE) 
persists to 1s and beyond
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Thick Slab MRCPThick Slab MRCPThick Slab MRCP

40 mm 5 mm

Thin Slice MRCPThin Slice MRCPThin Slice MRCP

2D or 3D MRCP2D or 3D MRCP2D or 3D MRCP

• 2D MRCP
– ssRARE
– TE/TR = 600ms/ ∞
– Breath-hold
– Thick slab/thin slice

• 3D MRCP
– Multi-shot RARE
– Respiratory triggering
– 90° flip back pulse
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++Breath 
hold

T1+ designed for Gd
multiphase

VIBE, FAME, 
LAVA, THRIVE

3D interp. 
T1w GE

+++Breath 
hold

Presence of fat and 
water mixture in the 

same voxel

I/O Phase 
Spoiled 
T1w GE

++++Sub 
second

T1++Turbo FLASH, IR-
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IR prep 
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respiratory 
triggering

• TR too long for 
breath-hold

• TE/TR 
unsuitable for 
RARE
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Zero Interpolation ProcessingZero Interpolation ProcessingZero Interpolation Processing

3D Fourier 
Transformation

Raw Data
256x256x64

Image Data
512x512x128

ZIP PhantomZIP PhantomZIP Phantom

ZIP PhantomZIP PhantomZIP Phantom

No interpolation ZIP 512

Dual echo FGREDual echo FGREDual echo FGRE
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